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2SWLPL]DWLRQRI5HGXFLQJ $JHQWDQG .H\3DUDPHWHUV (IIHFWRQ 7KH





7KLV UHVHDUFK SDSHU UHSRUWV RQ WKH LPSURYLQJ QLFNHO UHFRYHU\ HIILFLHQF\ RI HOHFWUROHVV 1L3 FRDWLQJ SURFHVV $W SUHVHQW LQ
HOHFWUROHVVQLFNHOFRDWLQJSURFHVVWKHQLFNHOUHFRYHU\ HIILFLHQF\LVYHU\ORZDQGLWLVRQO\LQWKHRUGHURI 'XHWRWKLVUHDVRQ
FRDWLQJFRVW RIHOHFWUROHVVQLFNHOLVYHU\KLJK(DUOLHUUHVHDUFKHUVKDGWULHGWRUHFRYHUQLFNHOIURPWKH XVHGEDWKDIWHUFRDWLQJLV
GRQHDQGVRPHRI WKHPJRW VXFFHVV LQ WKHLUDWWHPSWE\ IXUWKHU LPSURYLQJ WKHQLFNHO UHFRYHU\ IURP 7RRYHUFRPH WKH
DERYH SUREOHP WKH H[FHVV DPRXQW RI UHGXFLQJ DJHQW VXSSOLHG WR WKH EDWK GXULQJ FRDWLQJ SURFHVV WR FRPSHQVDWH FRQVXPHG
DPRXQW RI HOHFWURQV 7KH UHVXOW VKRZHG WKDW DIWHU DGGLQJ  RI H[FHVV DPRXQW RI UHGXFLQJ DJHQW DW PLQXWHV RI VWDUW RI
FRDWLQJWKHQLFNHOUHFRYHU\ZDV VLJQLILFDQWO\LQFUHDVHGIURPWR7KHLQIOXHQFHRIDGGLQJH[FHVVDPRXQWRI UHGXFLQJ
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 ,QWURGXFWLRQ
(OHFWUROHVV QLFNHO SKRVSKRURXV (1L3 FRDWLQJV DUH SURGXFHG E\ WKH FDWDO\WLF UHGXFWLRQ RI QLFNHO LRQV
HPSOR\LQJ VRGLXP K\SRSKRVSKLWH DV WKH UHGXFLQJ DJHQW 5$ ,W KDV D ZLGH UDQJH RI FRPPHUFLDO DSSOLFDWLRQV
PDLQO\ GXH WR DGYDQWDJHV VXFK DV ZHDU DQG FRUURVLRQ UHVLVWDQFH DGDSWDELOLW\ IRU XQLIRUP FRDWLQJ RQ FRPSOH[
VKDSHV7KHTXDOLW\RIFRDWLQJLVGHSHQGHQWXSRQWKHPLFURVWUXFWXUHDQGFRPSRVLWLRQRIWKHGHSRVLWV .HVDYDQQDLU HW
DO  (OHFWUROHVV QLFNHO SODWLQJ LV ZLGHO\ DSSOLHG WRPDQ\ LQGXVWULHV GXH WR LWV VSHFLDO DGYDQWDJHV %XW WKH






KDUPIXO HIIHFWV WR WKH HQYLURQPHQW DOVR WKH FRVW RI WKH XQLW SULFHRI WKH ILQDO SURGXFW ,Q WKH HDUOLHU UHVHDUFK WKH
QLFNHO ZDVWH JHQHUDWLRQ ZDV WULHG WR GHFUHDVH E\ XVLQJ EDWK PDNHXS PHWKRG (1 SURFHVV FKHPLFDO XVDJH ZDV






HOHFWURO\WH EDWK DUH UHODWLYHO\ VFDUFH +HQFH LW LV IHOW WKDW WKH SUHVHQW VWXG\ LV D ZRUWKZKLOH DWWHPSW WR VWXG\ WKH
LQIOXHQFHRQDGGLQJH[FHVVDPRXQWRI5$LQWKHEDWKWRUHFRYHUWKHQLFNHOGXULQJWKHFRDWLQJSURFHVV ,QRUGHUWR
ILQGRXWWKHLQIOXHQFHRIUHGXFLQJDJHQWDWGLIIHUHQWFRDWLQJLQWHUYDOVWKHH[FHVVDPRXQWRI5$ZDVDGGHGDIWHU
PLQXWHV  PLQXWHV DQG  PLQXWHV RI VWDUW RI FRDWLQJ SURFHVV 7KH FRDWLQJ SDUDPHWHU S+ ZDV YDULHG DW WKUHH
GLIIHUHQWUDQJHVDVIROORZVDFLGLFQHXWUDODQGDONDOLQH$QLRQLFVXUIDFWDQWVRGLXPGRGHF\OVXOSKDWHZDVYDULHGDW
WKUHHGLIIHUHQWFRQFHQWUDWLRQVVXFKDVEHIRUHDWDQGDIWHUFULWLFDOPLFHOOHFRQFHQWUDWLRQ&0&YDOXHVDQGDGGHGLQ




0LOG VWHHOZDV XVHG DV D VXEVWUDWHPDWHULDO0LOG VWHHOZDV WXUQHG WR DERXW PPGLDPHWHU DQG FXW LW WR PP
WKLFNQHVV WREHXVHG6SHFLPHQVZHUHWKHQDQQHDOHGDW&IRUKUVWRUHOLHYHIURPLQWHUQDOVWUHVVDQGIXUQDFH
FRROHG WR UHILQH WKH JUDLQ VWUXFWXUH )LQDOO\ WKH VDPSOHV ZHUH VXUIDFH ILQLVKHG E\ JULQGLQJ IROORZHG E\ GLVF
SROLVKLQJ7KHHOHFWURO\WHEDWKZDVKHDWHGLQGLUHFWO\WKURXJKDQHOHFWULFDOO\KHDWHGZDWHUEDWK7KHWHPSHUDWXUHRI
WKH ZDWHU EDWK ZDV PDLQWDLQHG DW & DQG FRQWUROOHG E\ WKHUPRVWDW DQG 212)) UHOD\ 7HPSHUDWXUH RI WKH
HOHFWURO\WHEDWKZDVPRQLWRUHGXVLQJDWKHUPRPHWHU 7KHS+RIWKHHOHFWURO\WHEDWKZDVPDLQWDLQHGE\DGGLQJOLTXLG
DPPRQLXPVROXWLRQ 7KHWRWDOLQLWLDOYROXPHRIWKHSODWLQJEDWKUHVWULFWHGWRPO7KHFRDWLQJGXUDWLRQLVKRXUV
WRPDLQWDLQWKHVDPHWLPHIRUDOOWKHVXEVWUDWHV 7KHFRPSRVLWLRQVRIWKHSODWLQJEDWKDUH1?QLFNHOFKORULGH  JO




WKH PHDQ DQG YDULDQFH RI WKH SURFHVV SHUIRUPDQFH DQG WR REWDLQ DQ RSWLPDO ZHOOIXQFWLRQLQJ SURFHVV ,Q WKH
HOHFWUROHVVFRDWLQJSURFHVVRUWKRJRQDODUUD\VDUUDQJHWKHLQIOXHQFLQJSDUDPHWHUVDQGWKHLU OHYHOVLQWKHZD\PRVW
OLNHO\ WRDIIHFW WKHSURFHVV7KHDGYDQWDJHRI XVLQJ WDJXFKL WHFKQLTXHRYHURWKHURSWLPL]DWLRQ WHFKQLTXHV VXFKDV
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IDFWRULDOGHVLJQLVWDJXFKLHPSOR\VDPLQLPDOQXPEHURIWULDOVE\WHVWLQJSDLUVRIFRPELQDWLRQV7KLVVDYHVERWKWLPH
DQG UHVRXUFHV %DODVXEUDPDQLD HW DO  7DJXFKLPHWKRG FDQGHWHUPLQH WKH H[SHULPHQWDO FRQGLWLRQVZLWK WKH
OHDVWYDULDELOLW\DV WKHRSWLPDOFRQGLWLRQ7DJXFKLPHWKRGXVHV WKHVLJQDOQRLVH61UDWLR WRPHDVXUH WKHTXDOLW\
FKDUDFWHULVWLF GHYLDWLQJ IURP WKH GHVLUHG YDOXH 7KH H[SHULPHQWDO FRQGLWLRQV KDYLQJ WKH PD[LPXP 61 UDWLR LV
FRQVLGHUHG DV WKH RSWLPDO FRQGLWLRQ DQG WKH YDULDELOLW\ FKDUDFWHULVWLFV DUH LQYHUVHO\ SURSRUWLRQDO WR WKH 61 UDWLR
0HKUDEDQL HWDO  7KH RSWLPDOSDUDPHWHUVREWDLQHGIURPWKHVHWULDOVDUHLQVHQVLWLYHWRHQYLURQPHQWDOFKDQJHV
DQGRWKHUQRLVHIDFWRUV
 2SWLPL]DWLRQRISURFHVVSDUDPHWHUV
,Q WKHSUHVHQW VWXG\ WKH FRDWLQJ LQSXW SDUDPHWHUV VXFK DV S+ FRQFHQWUDWLRQRI5$ VXUIDFWDQW FRQFHQWUDWLRQ DQG
LQWHUYDORIDGGLQJH[FHVVDPRXQWRI5$ZHUHYDULHGDQGXVLQJWDJXFKLRSWLPL]DWLRQWHFKQLTXHWKHSDUDPHWHUVZHUH
RSWLPL]HG )RXU GHVLJQ IDFWRUV DQG WKUHH OHYHOV ZHUH FKRVHQ IRU RSWLPL]DWLRQ VWXG\ DQG IDFWRUV DUH SUHVHQWHG LQ
WDEOH,QWKHQRUPDOIDFWRULDOGHVLJQIRXUSDUDPHWHUVDQGWKUHHOHYHOVQHHGVH[SHULPHQWVWREHFDUULHGRXW
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:KHUH 7 LV WKH FRDWLQJ WKLFNQHVVPZLV WKHZHLJKWJDLQJG LV WKHGHQVLW\RI WKHGHSRVLW JFP$ LV WKH
VXUIDFHDUHDRIGHSRVLWLRQFPDQGWLVWKHGHSRVLWLRQWLPHK (ODQVH]KLDQ HWDO 
 &RDWLQJFKDUDFWHUL]DWLRQ
7KHFRDWHG VSHFLPHQVZHUHFKDUDFWHULVHG WRHYDOXDWH WKHFRDWLQJ SHUIRUPDQFH6XUIDFHPRUSKRORJ\RI WKHFRDWHG
VXEVWUDWH ZDV DQDO\VHG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRSH +LWDFKL 61 ('; DQDO\VLV ZDV XVHG IRU
GHWHUPLQLQJWKHSHUFHQWDJHRIQLFNHODQGSKRVSKRUXVLQWKHGHSRVLW
 5HVXOWVDQGGLVFXVVLRQ
7KHDYHUDJHRI WKH 61 UDWLRIRUHDFKOHYHORIDOOWKHIDFWRUVRI $ % &DQG ' LVJLYHQLQ7DEOH7KHODUJHUWKH
GHOWD YDOXH LV WKH JUHDWHU LPSDFW KDV RQ WKH SURFHVV UHVSRQVH ,W LV IRXQG IURP7DEOH  WKDW S+& DQG 5$ $
SRVVHVVHVWKHJUHDWHUGHOWDYDOXHDQGKHQFH KDVWKHJUHDWHVWLQIOXHQFHRYHUWKHQLFNHOUHFRYHU\7KHPDLQHIIHFW SORW




EDWK 3DUDPHWHUV % DQG ' DUH IRXQG WR KDYH YHU\ OHVV LQIOXHQFH RYHU WKH QLFNHO UHFRYHU\ )LJXUH  VKRZV WKH
LQWHUDFWLRQ SORWV ,Q FDVH RI LQWHUDFWLRQ WKHUH LV QR VWUDLJKW OLQH RI WKH SORWV DUH REVHUYHG 1RQSDUDOOHO OLQHV DUH
LQGLFDWLYHRIWKHSUHVHQFHRILQWHUDFWLRQZKLOHLQWHUVHFWLQJOLQHVDUHLQGLFDWLYHRIWKHSUHVHQFHRIVWURQJLQWHUDFWLRQ
)URP WKH LQWHUDFWLRQ SORWV LW LV HYLGHQW WKDW OLQHV LQWHUVHFW LQ DOO WKH SORWV DQG KHQFH DOO WKH IDFWRUV KDYH VRPH
DPRXQWRILQWHUDFWLRQEHWZHHQHDFKRWKHU7DJXFKLPHWKRGREWDLQVWKHRSWLPDOOHYHOFRPELQDWLRQE\FKRRVLQJ WKRVH
OHYHOV IRU ZKLFK 61 UDWLR LV WKH ODUJHU WKH EHWWHU WKH RSWLPDO FRPELQDWLRQ RI SDUDPHWHUV ,W LV IRXQG WR EH
$%&'7DEOHVKRZVWKHYDOXHVRI61UDWLRIRUDOOWKHH[SHULPHQWVFRQGXFWHGXVLQJWDJXFKLWHFKQLTXHV
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)LJXUHD0DLQHIIHFWSORWIRU61 UDWLR E,QWHUDFWLRQSORWIRU15(
7KHUHJUHVVLRQHTXDWLRQLV
15(    $  %&  ' 
7KHH[SHULPHQWDOGDWDZDVVXEMHFWHGDQDO\VLVRIYDULDQFHE\RQHZD\$129$LQRUGHUWRXQGHUVWDQGWKHPDJQLWXGH
RILQIOXHQFHWKDWWKHSURFHVVSDUDPHWHUVKDGRQWKH15( 7KHSHUFHQWDJHFRQWULEXWLRQLQGLFDWHVWKH LQIOXHQFHRIWKH
SURFHVVSDUDPHWHUDQG WKHLU LQWHUDFWLRQVRQ WKHFRDWLQJDWWULEXWHFRQVLGHUHGZLWKD ODUJHUSHUFHQWDJH LQGLFDWLQJ D
VWURQJHULQIOXHQFH$129$ DQDO\VLVVKRZHG WKDW SDUDPHWHU & KDVWKHODUJHVWFRQWULEXWLRQ & IROORZHG E\


























0DLQ (IIHFWV 3ORW IRU 61 UDWLRV
'DWD 0HDQV



























,QWHUDFWLRQ 3ORW IRU 15(
'DWD 0HDQV






7KH UDWHRI DQRGLFR[LGDWLRQ RI DSDUWLFXODU UHGXFWDQW GHSHQGHGRQ WKHS+RI WKH VROXWLRQ7KH DQRGLF FXUUHQW
LQFUHDVHGZLWKLQFUHDVLQJS+DQGFDWKRGLFUHDFWLRQLQFUHDVHGZLWKLQFUHDVHLQWKH5$FRQFHQWUDWLRQ7KHSRWHQWLDO









15(RI/ H[SHULPHQWVDUHVKRZHGLQILJXUH([SHULPHQWV  DQG KDG WKHS+YDOXHRI LQWKH HOHFWURO\WHLW
LQFUHDVHV WKH+ LRQFRQFHQWUDWLRQDQGPRVW QRWLFHDEOHFKDQJH LQ WKHSODWLQJSURFHVV LVDFRQFXUUHQWGHFUHDVH LQ
FRDWLQJWKLFNQHVVDQG15(,QDONDOLQHFRQGLWLRQ([SHULPHQWV	WKH2+ DUHPRUHWKDQHQRXJKWRUHDFWZLWK
+ LQFUHDVHV WKH FRDWLQJ WKLFNQHVV DQG15( RI WKH HOHFWUROHVV EDWK &RQILUPDWLRQ WHVW ZDV FDUULHG RXW DQG WKH
LPSURYHPHQW LQ WKH FRDWLQJ WKLFNQHVV DW WKH RSWLPDO FRQGLWLRQ LV FRPSDUHG WR WKH VXEVWUDWH ZKLFK LV SURGXFHG































6(0 PLFURJUDSKV ILJXUH  LW LV FOHDUO\ YLVLEOH WKDW WKH GHSRVLW SURGXFHG E\ H[SHULPHQWV   DQG  VKRZHG
XQHTXDOQLFNHOSDUWLFOHVZKLFKSURYLGHVDURXJKVXUIDFHILQLVK7KH GHSRVLWVRIH[SHULPHQWVDQGVKRZHGKLJK
SKRVSKRURXVFRQWHQW LW PD\ LPSURYHWKHFRUURVLRQUHVLVWDQFHRIWKHVXEVWUDWH$OVRWKHSDUWLFOHVDUHXQHTXDOLQVL]H
GXH WR ORZ QLFNHO FRQWHQW ZHDU UHVLVWDQW PD\ EH SRRU LQ WKLV VXEVWUDWHV ([SHULPHQWV   DQG  SURGXFH WKH
PD[LPXPHIILFLHQF\DQGWKHPRUHDPRXQWRIQLFNHOSDUWLFOHVZHUHGLVSHUVHGHTXDOO\%XW  WKHH[SHULPHQWJLYHV
HTXDO VL]HQLFNHO SDUWLFOHVZLWKJRRG VXUIDFH ILQLVKZKLFK OHDGV WR LPSURYH LQ WKHZHDUEHKDYLRU RI WKH VXEVWUDWH
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 0XUDOLUDMD HWDO  3URFHGLD0DWHULDOV6FLHQFH ±
 &RDWLQJWKLFNQHVV
7KHWKLFNQHVVRIWKH(1OD\HUVZDV DOVR PHDVXUHGE\WKHRSWLFDOPLFURVFRSHLPDJHE\FURVVVHFWLRQ WKHVXEVWUDWH RI
RSWLPL]HG H[SHULPHQW DQG LW ZDV FRPSDUHG ZLWK WKH VXEVWUDWH ZKLFK LV QRW DGGHG H[FHVV DPRXQW RI 5$ LH











x 7KHRSWLPL]HGFRQGLWLRQLV IRXQGWREH $%&'7KHFRQFHQWUDWLRQRIH[FHVV5$DQGS+LVIRXQGWREH
TXLWH VLJQLILFDQW LQ LQIOXHQFLQJ WKH QLFNHO UHFRYHU\ HIILFLHQF\ $QG WKH UHFRYHUHG QLFNHO SDUWLFOHV DUH
GHSRVLWHGRQWKHVXEVWUDWHDQGLWUHGXFHVWKHHQYLURQPHQWKD]DUGV
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